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W I UD- TUNNEL IlTVSSIIGATIOiT OE FUSELA&E STABILITY IK 
WITH VARIOUS ARRANGEMENTS Of FINS 
By S • Pa^e Howard, Jr. 

STJMMART 

An investigation was made in the 7- "by 10-foot wind 
tunnel to determine the effects of dorsal-type fins and 
of various arrangements of fins on the aerodynamic char- 
acteristics of a streamline circular fuselage. Compara- 
tive plots of the aerodynamic characteristics of the fuse- 
lage alone and the fuselage with various fin arrangements 
are -^iven to show their effects on coefficients of yawing 
moment, dra^ , and lateral force. Results are also ~;iven 
for one case in which a rear fin on a circular fuselage 
was faired with modeling clay to obtain a fuselage shape 
with the same side elevation as the fuselage with the un~ 
faired fin out with an elliptical cross section over the 
rearward portion of the fuselage. 

The results indicated that fin area to the rear of the 
center of gravity of the fuselage was beneficial in reduc- 
ing the magnitude of the unstable yawing moments at lar^e 
angles of yaw; whereas, fin area forward of the center of 
gravity was harmful. The dorsal-type fin was more effec- 
tive for increasing the yawing stability of the fuselage 
than was a smoothly faired rearward portion with the same 
side elevation as the fuselage with the unfaired dorsal- 
type fin. The minimum dra-? coefficient and the slope of 
the curve of yawi n^-moment coefficient of the fuselage at 
zero yaw were unaffected hy trie addition of the fins, with- 
in the experimental a,cciiracy of the tests. 

INTRODUCTION 

The greater portion of the fixed vertical tail sur- 
faces of aircraft is required to counteract the directional 
instability of conventional fuselage shapes. Methods have 
therefore oecn su^ested of reducing the maximum value of 
the unstahle fitsela^e moment to permit a reduction of the 
vortical tail. One method, which has coon employed on com- 
mercial aircraft., is the addition of a narrow strip of fin 
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area, referred to as a "dorsal 11 fin, alon-^ the top center 
line of the fuselage ahead of the usual vertical tail sur- 
face. Another method is the shaping of the rear of the 
fuselage into a wed^e, effectively adding fin area at the 
top and the "bottom. A third method recently su^ c ;ested is 
the addition of a sharp-ei^e protuberance aion^ the verti- 
cal center line of the forward ucrtio:: of the fuselage. 
It was thought that such a prot'ioerance, "by di st urMnij the 
flow over the down-wind side of the yawed fuselage, mi^ht 
decrease the magnitude of the negative pressure in that 
region forward of the center of gravity and thereby reduce 
the unstable moment. 

These methods are primarily intended to reduce the 
maximum vair_e of the fuselage yawing nomerit , which occurs 
at moderately lar^e angles of yaw where vertical tail sur- 
faces of ccnven x ional aspect ratios are normally stalled. 
Any reduction of slope of the yawin?— moment curve in the 
vicinity of zero yaw is incidental, "one of the methods 
is expected appreciably to increase the dra^ of the fuse- 
lage for the unyawed condi-icn of the cirplane. 

In the reported investigation two fuselage shapes 
were tested in combination with fin area at various loca- 
tions on the fuselage to prove the effectiveness of each 
of the three methods. 

MODELS 

The two fuselage shapes used in this investigation 
are shown in figures 1 and 2. One of these fuselages is a 
body of revolution that was previously used for the win^- 
fusela^e investigation reported in reference 1. The other 
shape was obtained by fairing the rearward portion of the 
fuselage with modeling clay as shown in figures 2., 3, and 4. 
The fuselages will hereinafter be referred to as "fuselage 
A !l and " fuselage 3." 

The fin arrangements used are also shown in fi^u^es 1 
and 2. All fins except one of l/52-inch-diamet er wire were 
made of l/, r7 2-inch shoot brass cut to conform to the fuse- 
lage shape. In this report the constant-width fins (fi^. 
1) will bo called type 1, the tail-type fin (fi^. 2) will 
be called type 2. The fins wore soldered to the heads of 
flat-head wood screws, imbedded in the fuselage, which held 
the fins snugly against the fuselage to prevent air leak- 
age under them. 
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The type 1 fins were made in four widths, 0.0312 , 
0.172, 0*344, and 0.583 inch, which ere equal to 0.45 , 2.5, 
5.0, and 10.0 percent, respectively, of the maximum fuse- 
lage diameter. The fins were cut in sections so that they 
could "be attached to the fuselage in various combinations* 
The fins attached to the forward portion of the fuselage 
are designated forward fins and those attached to the rear-* 
ward portion of the "body are designated rearward fins. 
The action of these rearward fins, although they are dis- 
posed symmetrically above and below the fuselage, should 
be similar to that of the dorsal-type fin used on several 
present- day transport s • 

The type 2 fin was made to oc attached to the rear- 
ward portion of fuselage A. This fin has a width at the 
trailing ed^e 50 percent of the fuselage diameter and is 
faired into the top and the bottom contours of fascla^e A 
at a station 70 percent from the fuselage nose. 

TESTS 

The tests were made in the HA OA 7- by 10-foot wind tun- 
nel, which is described in references 2 and o. The tests 
were made at a dynamic pressure of 16.37 pounds per square 
foot, which corresponds to a velocity of about 80 miles per 
hour iindcr standard sea-level conditions and to a test 
Reynolds number of about 618,000 based on the cube root of 
the fuselage volume (0.346 ft). 

No preliminary tests were made to determine the tare 
forces and the moments caused by the model-support fittings 
because it was believed that the relative merit of the var- 
ious arrangements would be unaffected by the values of tare. 

The tests were made at z$ro angle of attack and at an- 
gles of yaw, \J/ , ranging from -10° to 60°. 

RESULTS a::d DIS0U3SIOU 

The results of the tests are given in the form of 
I7ACA standard coefficient? of forces and moments with re- 
spect to the wind axes that intersect at the center-of- 
gravity location previously used in reference 1 and showix 
in figure 1. 

The coefficients used are based on the volume of fuse- 
lage A in accordance with the procedure of reference 4, 
and are defined as follows : 
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drag coefficient 



_ d r as 



L q(7)' 



2 /3 



lateral-force coefficient 



lateral f orce ' 
q(V) 



/yawing moment a 'bout e.g. 

C„ ? yawing -moment coefficient ( 

n \ qV 

where 

q dynamic pressure (16.37 IT)/ sq ft) 
V volume of fuselage A (0.606 cu ft) 

The effect of trie rearward fins on the aerodynamic 
characteristics of fuselage A is shown in figure 5. The 
curves of yawing—moment coefficient show that, with the 
0.172-inch fin added to the rearward portion of the fuse- 
lage, the maximum value of the unstable yawing moment is 
reduced by more than half. Increasing the fin height pro- 
gressively decreased the maximum unstable yawing moment 
and the trim angle. The effectiveness of increasing the 
fin height, however, "became progressively smaller with 
height. The type 2 fin was only slightly more effective 
than the 0.172-inch type 1 fin although its area-moment is 
nearly equal to that of the 0.344-inch type 1 fin. This 
result, coupled with the fact that the effectiveness of 
the typo 1 fins was not proportional to the fin height, 
appears to indicate that the effectiveness of these fins 
primarily depends on the length of the sharp edges and 
their spoiling effect depends on the type of flow over the 
rear portion of the fuselage. This conclusion appears to 
he substantiated by the drag curves, which show that the 
increase in drag at large angles of yaw is also less for 
the type 2 fin than the 0.344-inch type 1 fin. 



The slope of the curve of the yawing-moment coeffi- 
cient at small angles of yaw is appreciably reduced by the 
rearward fins- As expected, however, the reduction is 
small. The effect of the fins on the drag at zero yaw 
(normal-flight condition) was not measurable. 

In order to check further on the relative effects of 
the sharp edges and the increased area back of the center 
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of gravity, the unf aired type 2 fin on fuselage A has 
"been compared with fuselage B in figure 6. Fuselage 3, 
as previously mentioned, has the same side area as fuse- 
lage A plus the type 2 fin and -jac derived by fairing 
the type 2 fin into the fuselage tail with modeling clay 
to eliminate the sharp ed^os. Figure 5 shows that, al- 
though "both the typo 2 fin and fuselage 3 \7cre less un- 
stable than fuselage A, the improvement obtained from 
fuselage B was less than half that obtained from the 
type 2 fin. It is therefore p.pparent that the sharp ed-^es 
of the unf aired fin were advantageous in reducing the un- 
stable yawin^-momcnt coefficients of the fuselage shapes. 

Fuselage A with the type 2 fir, had the largest 
values of lateral-' orce coefficient at lar^e angles of 
yaw, fuselage 3 had smaller value s , and fuselage A 
alone had the smallest values. Inasmuch as a lar^e lat- 
eral force is desirable ~or stability when sideslipping, 
fuselage A with the type 2 fin would also be better than 
fuselage 3 for this maneuver. The values of dra-i; coef- 
ficient at lar^'c angles of yaw decreased in the same order 
as the valtios of iat eral-f o r ce coefficient « The minimum 
dra-s; coefficient at zero yaw was unaffected by fuselage 
shape or type ?. fin, within the experimental accuracy of 
the tests, in spite of the T ~act that the dra^ coefficients 
in every case wore based on the volume of fuselage A. 

The fins mounted forward (fig. 7) proved to be harm- 
ful to stability in yaw. The anticipated spoiler action 
did not occur and these forward fins are therefore unde- 
sirable. The lateral-force and dra^ coefficients increase 
with the an^le of yaw and the fin width. 

The comparative plots (fi£« 3) for fins mounted in 
both forward and rearward locations show that these ar- 
rangements are in every case less desirable than the com- 
parable arrangements with the rearward fin alone (fi§* 5) 
from consideration of stability in yaw. The .lateral- 
force and the dra? coefficients for the combination 
f o rwar d-and-r earward location increase with increases in 
the an^le of yaw and the fin area and are greater than 
for comr)arable arrangements of forward or rearward fins 
alone, 

A comparison of the several locations of the fins 
with a width of 0.344 inch (fig* 9) shows that only com- 
binations with the rearward fin decrease the unstable 
yawin^-moment coefficient of the fuselage at iar^e angles 
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of yaw« The drag and the lateral-force coefficients at 
large angles of yaw, however, increase in proportion to an 
increase in the fin area. The clrag and the stability in 
yaw at small angles of yaw are only slightly affected "by 
the various locations of the 0.344- inch fin on fuselage A. 



CONCLUSIONS 



1. The rearward fins were very effective in decreas- 
ing the unstable yawing moment of the fuselage at the 
Iar?e angles of yaw, 

2. The "beneficial effects of the f o rwar d-and-r earward 
combination of fins and of the fin completely around the 
fuselage were due to the presence of the fin area "behind 
the center of gravity of the model. 

3. The sharp fin ed^es were found definitely 'benefi- 
cial at lar^e angles of yaw. 

4. The minimum dra^ coefficient and the slope of the 
curve cf the yawin<s~moment coefficient of the fuselage at 
zero yaw were unaffected "by the addition of the fins, 
within the experimental accuracy of the tests. 

Lan-^ley Memo rial Aeronaut! cal Laboratory, 

Ne.tional Advisory Committee for Aeronautics, 
Langley Field, Ya. , Octooer 22, 1940. 



ITACA Technical Note II o . 785 



7 



REFERENCES 



Bamoer , M. J., and House, R. 0.: Wind-Tunnel Investi- 
gation of Effect of Yaw on Lat eral-Sta oility Char- 
acteristics. II - Rectangular 1T.A.C.A. 23012 Wing 
with a Circular Fuselage and a Jin. T.N. Mo. 730 f 
NACA, 1939. 

Harris, Thomas A.: The 7 "by 10 Foot Wind Tunnel of 
the National Advisory Committee for Aeronautics. 
Hep. No. 412, NACA , 1931. 

Wenzin?er, Carl J., and Harris, Thomas A.: Wind-Tunnel 
Investigation of an N.A.C.A. 23012 Airfoil with Var- 
ious Arrangements of Slotted Flaps. Rep, No. 664, 
NACA , 1939. 

Freeman, Hu^h B.: Force Measurements on a l/40-Scale 
Model of the U. S. Airship "Akron," Hop. No- 432, 
NACA , 1932. 



NACA Technical Note No. 785 



D/mens/ons of c/rca/ar fuse/age A 













(in.\ 


0 


0 


8 3/2 


3.266 


323Z& 




.3/2 


.77Z 


/2.3/Z 


3,4/0 


343/2 


2/70 


.8/2 


7.242 


/6.3>2 


3.440 


36312 




t.3/2. 


/■S7£ 


203/2 


3406 


33-312 


J.OOO 


2.3/2 


2044- 


24.3/2 


3.263 


39.3/2 


.546 


+3/2 


2.6*0 


233/2 


Z.990 


40,3/2 


O 



F/'n width measured norma/ 
Y fo fuselage surface 




(a) Forward and rearward fins, OJ7£~ \ Q344 -and 
0.6SS' inch w/de, /'n p/ace on fuse/aye A. 



(b) Forward t m/ddfe, and rearward f?r?s t 0.344 -/nch 
w/de in p/ace on fuse/aye A. 

.32U 



(C) Wire ,043/ z^/K-hdimmfcr, /n p/ace or? nose of fuse /aye A. 
fAzf-A ead ^exxtscn 






8/r73zfin J /sz'/ri/c^ 




&T7ssHr/re, '/j 2 " at r 
Soft sorter 



SeciionA-A Sect/a*3-3 
Figure /, — C/'rcuktr fuse /age showrny /In arrange rnen/s lestec/ on fi/sefaam A . 



L -40.312 



.322L=J3- 



/ocaiion 



0= 6.38 



(a) Fuselage 8 with dorsal fin in place and faired with 
modeling clay. 



7fya fin 
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(b) Sections and B-B of 
fuselage A faired with 
modeling clay to sake fusel- 
age B. 

Section A-A 

Figure 3,- Circular fuselage A showing type 2 fin and fairing need t© ooarert 
it into fuselage B. 
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Fig 




Figure 3.- Side view of streamline circular fuselage B with faired type 2 
in place, mounted in tne 7-by 10-foot wind tunnel. 
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Fig.6 
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Figure 6.- Comparison of aerodynamic characteristics of fuselage A alone, fuselage A 
with type 2 fin, and fuselage B. 
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Figure 7.- Effect on fueelage characteristic* of rarious fin arrangements forward. 



